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16 The Journal of Thoracic and Cardiobjectives: Experimental and clinical data suggest that brain death predominantly
ffects the right ventricle. We aimed to investigate right ventricle function after
rain death and during clinical transplantation with load-independent methods.
ethods: Patients with and without brain death were enrolled. A total of 33
onsecutive heart donors (5 live, “domino” donors) and 10 patients undergoing
oronary surgery (coronary artery bypass graft controls) were studied with pressure-
olume loops in the right ventricle. Contractile reserve was measured with dopa-
ine stimulation.
esults: Brain-dead donors had a higher mean cardiac index than coronary artery
ypass graft controls (3.3 vs 2.8 L/min/m2), but impaired load-independent indices.
espite increased right ventricle stroke volume, the ejection fraction and slope of the
nd-systolic pressure-volume relationship were significantly reduced in brain-dead
onors compared with controls. Diastolic abnormalities were also manifest as
ncreased end-diastolic volume index and prolonged Tau (P  .05). Dopamine
mproved cardiac output, but without influencing end-systolic pressure-volume
elationship, or Tau, and at the expense of further increased right ventricle end-
iastolic volume. Before explantation, a significantly higher diastolic volume was
lso seen in hearts that developed postoperative dysfunction compared with organs
ithout this complication (114.4 vs 77.2 mL/m2, P  .02).
onclusions: Brain death leads to right ventricle dysfunction, which may go undetected
ith conventional techniques. Right ventricle dilatation could represent an early marker
f failure. Refinement of selection criteria to include load-independent indices of
erformance may be desirable to help expand the donor pool.
eart transplantation faces an increasing imbalance between donor supply
and demand. One way of addressing this would be to minimize the number
of donor hearts rejected; however, the criteria for donor selection remain
mperfect. Despite careful clinical evaluation, there is a significant incidence of
arly dysfunction, and, de facto, it is not known how many hearts, rejected by
onventional criteria, may have been suitable for transplantation. Donor organ
erformance is, experimentally1 and clinically,2 a main factor influencing outcome.
ndeed, donor organ failure, commonly isolated right ventricular (RV) dysfunction,
emains the leading cause of early mortality and morbidity.3
vascular Surgery ● July 2006
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TXThe complex hemodynamic milieu in the donor and impre-
ise methods of evaluation confound accurate assessment of
onor heart function. We have advocated the use of the pul-
onary catheter for donor resuscitation,2 currently incorpo-
ated in the recommended algorithm of donor management that
ncludes echocardiography.4 However, ventricular parame-
ers obtained by thermodilution or echocardiography are
oad-dependent, and because of its geometry, the RV is even
ore difficult to assess by conventional echocardiography
han the left ventricle.5 Furthermore, the relationship be-
ween load and intrinsic contractility is complex, and this
nteraction is particularly difficult to evaluate in the RV.
ajor changes in both contractility and load do occur, and
here is ample evidence that the RV is predominantly af-
ected.6-9 Hours after brain death there is a decrease in pul-
onary vascular resistance and an increase in pulmonary
lood flow, predisposing to “neurogenic” edema.6 Simulta-
eously, the preload recruitable stroke work decreases in
oth ventricles.7 Others argued that the ventricular dysfunc-
ion seen in the brain-dead donor is partly adaptive and that
ts adverse effects can be reduced by judicious control of
oading conditions.8,9
Ventricular pressure-volume loop measurement by con-
uctance catheter technology is relatively load-independent
nd represents the gold standard for contractile evaluation.
nderstanding how the RV adapts after brain death and to
hat extent the adverse changes are compensatory would help
n donor selection and, perhaps, improve donor–recipient
hysiologic matching. We designed a study aimed to mea-
ure load-independent RV systolic and diastolic function in
rain-dead, optimized human donors in comparison with
omino (live) donors and nontransplant patients undergoing
oronary surgery (coronary artery bypass graft [CABG]
ontrols). In limited subgroup analyses we also compared
sable and unused hearts, according to current Swan-Ganz
atheter selection criteria, and donor hearts with and without
ubsequent early dysfunction in the recipient.
ethods
onors and Coronary Artery Bypass Graft
omparison Group
he project was approved by the local research ethics committee.
orty-three patients had RV conductance catheter studies (Figure 1).
here were 33 consecutive cardiac donors (5 domino, cystic fi-
Abbreviations and Acronyms
CABG  coronary artery bypass graft
EDPVR end-diastolic pressure-volume relationship
EDVI  end-diastolic volume index
ESPVR  end-systolic pressure-volume relationship
RV  right ventriclerosis recipients of heart–lung transplantation) and 10 consecutive d
The Journal of Thoraciconsenting patients who underwent CABG (Figure 1). The latter
ere all male and had elective coronary revascularization for
table angina and triple vessel coronary artery disease with angio-
raphically normal left ventricular function and no clinical evi-
ence of congestive cardiac failure. Intraoperative RV functional
ssessment was carried out under similar conditions as in the donor
etting, with the pericardium open and at normothermia. All do-
ors were optimized according to our institutional protocol using a
ulmonary artery catheter and hormonal infusions.2 The donor
eart was accepted using standard criteria (the absence of struc-
ural or ischemic heart disease, significant ventricular hypertrophy,
r ventricular dysfunction). As a guide for the procurement team,
herapeutic targets were mean arterial pressure greater than 60 mm
g, right atrial and pulmonary capillary wedge pressure less than
2 mm Hg, left ventricular stroke work index greater than 15 g/m2,
nd 1 inotrope only equivalent to less than 5 g/kg/min of dopa-
ine. Five donor hearts were not used on grounds of poor function
ut in the absence of palpable coronary artery disease. At the end
f the resuscitation process these 5 organs were performing poorly
n visual assessment and required high doses of inotropes. Five
ther hearts were functionally usable, but a suitable recipient was
ot identified at the time. Cardioplegic arrest was performed with
t Thomas no. 1 solution, and the donor hearts were preserved in
ormal saline.
ecipients
wenty-three transplants resulted (17 hearts and 6 heart–lungs).
ndications for heart transplantation were valvular disease (1),
ilated cardiomyopathy (6), and ischemic (10) cardiomyopathy. Of
he heart–lung recipients, 4 had pulmonary hypertension (2 pri-
ary and 2 secondary), 1 had cystic fibrosis, and 1 had congenital
isease. The mean (standard deviation) age was 60.0 (10.1) years
or patients who underwent CABG, 39.2 (12.9) years for brain-
Figure 1. The patients enrolled in the study.ead donors, and 22.8 (7.0) years for domino donors. Mean (stan-
and Cardiovascular Surgery ● Volume 132, Number 1 117
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1
TXard deviation) ischemic time for the transplants was 179.8 (42.3)
inutes. Recipient separation from cardiopulmonary bypass was
ormally performed on infusions of dopamine at 2 to 5 g/kg/min
nd isoprenaline at 0.005 to 0.01 g/kg/min. All recipients had a
ulmonary artery flotation catheter. RV dysfunction was pre-
efined on the basis of the postoperative support instituted by an
ndependent team of clinicians. It was diagnosed if all the follow-
ng conditions were satisfied: right atrial pressure greater than 15
m Hg, cardiac index less than 2.5 L/min/m2, wedge pressure less
han 10 mm Hg, urine output less than 1 mL/kg/h, and the need for
pecial therapies (1 of the following: intra-aortic balloon pulsa-
ion, pulmonary vasodilators, 3 inotropes). Global graft dysfunc-
ion was diagnosed in the presence of borderline hemodynamics
cardiac index 2.5 L/min/m2, wedge pressure 15 mm Hg) and
he need for special therapies as defined above.
ressure-Volume Loops Acquisition
oad-independent indices were measured by a technique described
n detail elsewhere.10 All studies were performed with patients
nder general anesthesia after donor optimization and before the
nstitution of cardiopulmonary bypass in the CABG and domino
roups. Because of time and logistical constraints a recipient study
as only possible in 6 heart recipients, all of whom were recipients
f brain-dead donors.
Cardiac output in brain-dead and domino donors was measured
y thermodilution, whereas in controls a flow probe was applied
round the pulmonary artery. For pressure-volume loops a 7F
atheter with an incorporated solid-state pressure transducer (Millar
nstruments Inc, Houston, Tex) was inserted through a small
heath in the RV infundibulum. Pressure-volume loops were re-
orded at steady state, during parallel conductance determination,
nd during preload variation, achieved by transient inferior caval
ABLE 1. Cardiac parameters at baseline for all patients a
opamine stimulation
Domino (n  5) Brain-dead (n  23) CABG (n  10) P
R 108 (8) 95 (14) 68 (11)
I 3.8 (1.0) 3.3 (0.6) 2.8 (2.5)
F 40.4 (11.7) 42.2 (11.4) 53.2 (12.8)
DVI 87.4 (21.1) 89.6 (36) 55.9 (22.0)
VI 35.5 (11.9) 34.8 (6.9) 28.9 (7.4)
VR 181 (17.3) 87.6 (26.8) —
SPVR 0.37 (0.15) 0.29 (0.13) 0.46 (0.23)
DPVR 0.034 (0.02) 0.078 (0.065) 0.053 (0.02)
p/dtmax 345 (28) 290 (89) 223 (53)
p/dtmin§ 306 (64) 195 (148) 110 (17)
RSWI 9.1 (4.1) 7.4 (3.1) 7.1 (1.9)
au 31.4 (7.1) 58.8 (27.6) 87.5 (26.8)
ata shown as mean (standard deviation). *Comparison between all 3
onferroni correction. ‡Dopamine stress protocol was not performed in 2 b
nalysis of variance; HR, heart rate (beats/min); CI, cardiac index (L/min/m2
olume index (mL/m2); PVR, pulmonary vascular resistance (dynes/s/cm
nd-diastolic pressure-volume relationship (mm Hg/mL); dp/dtmax, maximu
hange of ventricular pressure (mm Hg/s); PRSWI, preload recruitable strnaring over at least 5 consecutive cardiac cycles. All results were t
18 The Journal of Thoracic and Cardiovascular Surgery ● Julyveraged from at least 2 measurements. The conductance signal
as generated and processed in a Sigma-5 DF unit (Leycom,
eiden, The Netherlands). Parallel conductance was calculated
rom the intersection of end-systolic and end-diastolic points after
njection of 7 mL of 10% saline at steady-state conditions (apnea).
ll volume measurements were corrected for the gain constant 
alculated from the thermodilution or flow probe cardiac output.
nd diastole was defined by the R wave of the electrocardiogram,
nd end systole was defined by the maximum pressure/volume for
ach cardiac cycle. Data were analyzed off-line to obtain systolic
nd diastolic indices and the maximal (dp/dtmax) and minimal
dp/dtmin) rate of ventricular pressure change. End-systolic pressure-
olume relationships (ESPVR) and end-diastolic pressure-volume
elationship (EDPVR) pressure-volume relationships were pro-
uced by linear regression of consecutive points in families of
ressure-volume loops obtained during caval occlusion. The slopes
f these relationships are presented and expressed in millimeters of
ercury per milliliter. The time constant of pressure decay (Tau),
escribing early active relaxation, was derived by the half-pressure
ethod. Cardiac output, end-diastolic volume, stroke volume, and
reload recruitable stroke work were indexed by body surface area.
Contractile reserve was assessed using dopamine, the most
ommon inotrope in donor management in the United Kingdom,
nfused at 5 g/kg/min over 7 minutes. Testing was done in usable
onors after optimization, infusing dopamine over and above any
reexisting inotropic load. This protocol was not instituted in 2
rain-dead donors and 1 domino because of time constraints. The
tress protocol was not performed in the historical CABG-control
roup either.
tatistics
ecause pressure-volume loop indices are typically normally dis-
sable brain-dead donors (n  21) before and after
OVA) P†
Before dopamine
stimulation (n  21)‡
After dopamine
stimulation (n  21)‡ P
01 .001 94 (12) 105 (7) .001
0 .72 3.3 (0.6) 4.4 (1.1) .001
4 .04 40.1 (9.3) 42.3 (14.5) .39
2 .02 94.8 (35.5) 117.6 (47) .001
3 .08 35.6 (6.8) 45.5 (10.4) .001
01 — 87.6 (26.6) 86.8 (32.9) .93
3 .02 0.30 (0.14) 0.31 (0.13) .78
7 .62 0.078 (0.082) 0.072 (0.067) .77
1 .08 290 (89) 475 (246) .001
1 .17 195 (148) 258 (135) .001
3 .82 7.7 (3.3) 10.6 (3.9) .008
04 .06 53.3 (27.9) 55.1 (22.1) .73
s (ANOVA). †Comparison between brain-dead donors and CABG, after
dead donors, thus, n  21. §Shown as absolute (positive) values. ANOVA,
ejection fraction (%); EDVI, end-diastolic volume index (mL/m2); SVI, stroke
SPVR, end-systolic pressure-volume relationship (mm Hg/mL); EDPVR,
of change of ventricular pressure (mm Hg/s); dp/dtmin, minimum rate of
ork index (mm Hg/m2); Tau, relaxation time constant (ms).nd u
* (AN
.0
.4
.0
.0
.1
.0
.0
.1
.0
.0
.4
.0
group
rain-
); EF,
5); E
m rateributed, parametric statistical methods were used. Results are
2006
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TXummarized as mean (standard deviation) in Tables 1 and 2, and
ean with 95% confidence intervals in Figures 1 to 3. We used
-way analysis of variance for comparisons between 2 or more
ndependent groups. Where analysis of variance was significant we
ompared pairs of groups, adjusting for multiple comparisons with
he Bonferroni correction. Outcome measurements from pre- to
ostdopamine and pre- to posttransplantation were compared using
aired Student t tests. Because this study is exploratory and all
ardiac indices measured are important, each variable was assessed
ndependently and no further adjustments for multiple comparison
ests were made.
esults
ata are summarized in Tables 1 and 2 and Figures 2 and 3.
rain-Dead Donors, Domino Donors, and Coronary
rtery Bypass Graft Surgery Group
rain-dead donors had a higher mean cardiac index than the
ABG group; the ejection fraction was lower, but the stroke
olume and heart rate were higher (Table 1, Figure 2, A).
owever, when volumetric parameters derived with the
onductance catheter were included, donor hearts were sig-
ificantly more dilated (end-diastolic volume index [EDVI]
9.6 mL/m2 in brain-dead donors compared with 55.9
L/m2 in CABG group, P  .02). ESPVR was also signif-
cantly lower in brain-dead donors, reflecting a reduced
ontractile state. Tau, an index of isovolumic relaxation,
as lower in brain-dead donors than in the CABG group
58.8 vs 87.5 ms, P  .06). EDPVR describes late diastole
ABLE 2. Cardiac parameters in donor hearts turned down o
llograft dysfunction (n  10)
Brain-dead poor
function (n  5)
Brain-dead good
function (n  23)
R 110 (28) 95 (14)
I 3.1 (1.1) 3.3 (0.6)
F 43.4 (14.8) 42.2 (11.4)
DVI 81.8 (48.4) 89.6 (35.9)
VI 30.6 (12.5) 34.8 (6.9)
VR 113 (54.4) 87.6 (26.8)
SPVR 0.65 (0.75) 0.29 (0.13)
DPVR 0.034 (0.04) 0.078 (0.08)
p/dtmax 297 (55) 290 (89)
p/dtmin* 176 (18) 195 (148)
RSWI 6.9 (2.5) 7.4 (3.1)
au 31.4 (12.9) 58.8 (27.6)
PG (mm Hg) — —
schemic time (min) — —
ata shown as mean (standard deviation). *Shown as absolute (positive
raction (%); EDVI, end-diastolic volume index (mL/m2); SVI, stroke volum
nd-systolic pressure-volume relationship (mm Hg/mL); EDPVR, end-diastol
f ventricular pressure (mm Hg/s); dp/dtmin, minimum rate of change of ven
g/m2); Tau, relaxation time constant (ms); TPG, transpulmonary gradient.nd was elevated in brain-dead donors, meaning increased h
The Journal of Thoracichamber stiffness, but the parameter had a large variability.
he 5 domino hearts faced a higher pulmonary vascular
esistance before retrieval and had a higher resting rate than
adaveric organs. Mean load-dependent indices were in-
reased compared with the CABG group: stroke volume
ndex, 23%; dp/dtmax, 55%; dp/dtmin, 179%; and preload
ecruitable stroke work index, 28%. Mean load-independent
arameters showed a 20% reduction in ESPVR compared
ith the CABG group, a mean EDVI greater by 56%, and
educed early and late measures of diastole (Tau 36% lower
nd EDPVR 64% higher than average values in the CABG
roup).
ontractile Reserve in Brain-Dead Donors
fter dopamine stimulation the cardiac index increased in
rain-dead donors through higher heart rate and stroke
olume, leading to a better preload recruitable stroke work
ndex (Table 1, Figure 3). The ventricular chamber was
ore dilated, but the contractile indices ESPVR, EDPVR,
nd Tau were not improved.
sable Versus Unused Hearts from
rain-Dead Donors
ith the exception of Tau, none of the parameters studied
ere significantly different between these 2 groups of pa-
ients (Table 2). ESPVR showed marked variability in
earts with poor function (see “Discussion”). Unused hearts
nctional grounds (n 5) and in organs with posttransplant
P
Posttransplant
dysfunction (n  10)
No posttransplant
dysfunction (n  9) P
.08 95 (18) 95 (13) .98
.68 3.7 (0.7) 3.1 (0.4) .03
.84 40.8 (14.8) 42.9 (7.9) .69
.69 114.4 (40.4) 77.2 (17.2) .02
.30 37.3 (8.1) 32.6 (5.4) .12
.13 97.8 (32.3) 85.3 (27.7) .37
.03 0.31 (0.16) 0.27 (0.11) .61
.15 0.068 (0.06) 0.047 (0.05) .15
.87 326 (78) 255 (78) .06
.78 255 (208) 140 (46) .12
.78 7.2 (2.8) 7.2 (1.7) .97
.04 56.4 (34.3) 57.5 (27.3) .94
9.3 (5.1) 9.0 (2.1) .90
193.6 (50.3) 181.7 (27.4) .53
es. HR, heart rate (beats/min); CI, cardiac index (L/min/m2); EF, ejection
ex (mL/m2); PVR, pulmonary vascular resistance (dynes/s/cm5); ESPVR,
ssure-volume relationship (mm Hg/mL); dp/dtmax, maximum rate of change
ar pressure (mm Hg/s); PRSWI, preload recruitable stroke work index (mmn fu
) valu
e ind
ic pre
triculad a trend toward lower EDPVR.
and Cardiovascular Surgery ● Volume 132, Number 1 119
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1
TXonor Organ Dysfunction
able 2 shows donor studies from the 19 brain-dead donors,
lassified according to allograft dysfunction in the recipient.
efore explantation, hearts that went on to develop post-
ransplant dysfunction were significantly more dilated than
rgans not associated with this complication (EDVI 114.4
s 77.2 mL/m2, P  .02). There were no other important
ndings in this comparison, so the subdivision of right
ersus global allograft failure was not investigated further.
iscussion
o our knowledge this is the first study in human donors
escribing load-independent parameters of RV contractility.
urthermore, the donors were treated and stabilized in ac-
ordance with the principles of the Crystal City consensus
eport.4 Major abnormalities of RV systolic and diastolic
ysfunction were demonstrated in brain-dead and domino
onors compared with the CABG group. Load-independent
easurements require open surgery; thus, a pragmatic ap-
igure 2. Mean and 95% confidence intervals for cardiac param-
ters in brain-dead donor optimized hearts, domino donors, and
ABG patients. For abbreviations and units of measurement see
able 1.roach to obtaining comparison data was taken. The com- s
20 The Journal of Thoracic and Cardiovascular Surgery ● Julyarison groups are less then ideal because cystic fibrosis11
nd ischemic heart disease12 both affect RV performance.
trictly speaking, we compare 3 groups with different pa-
hologies. However, the brain-dead donors had preload and
fterload optimization based on pulmonary catheter data, so
he changes described are likely to reflect the true contrac-
ile state.
rain-Dead Donors, Domino Donors, and Coronary
rtery Bypass Graft Surgery Group
Systole. Both the domino and brain-dead donors had
mpaired RV contractility, although likely for different rea-
ons. Loss and even reversal of the normal force-frequency
elationship13 may be a manifestation of the chronic RV
ysfunction seen in cystic fibrosis, which can be demon-
trated subclinically.11 All of the domino donors were
igure 3. Mean change of cardiac parameters in usable brain-
ead donors subjected to dopamine stimulation (n  21). For
bbreviations and units of measurement see Table 1.ymptomatic from end-stage lung disease, a situation asso-
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TXiated with progressive pulmonary hypertension and overt
V failure. This is compatible with the findings of an
ncreased intraoperative pulmonary vascular resistance, RV
ilatation, and reduced contractility. A higher ejection phase
ndex dp/dtmax seen in domino donors is in keeping with the
nown adaptation imposed by chronic pulmonary hyperten-
ion and should not be interpreted as “superior” systolic
unction.11,14 We lacked pulmonary vascular resistance data
n the CABG group, so this comparison with controls was
ot possible.
The mechanisms for reduced RV contractility seen in
rain-dead donors may be more complex. The process of
rain death itself is associated with marked ventricular
ysfunction,1,6-9 there are multiple potential secondary ef-
ects of resuscitation in the donor, and there is a variably
rolonged period of ischemia between harvest and implan-
ation. In animal experiments pulmonary vascular resistance
fter brain death is an unresolved issue, partly because of
arious study methods used. Bittner and colleagues6 showed
hat brain death leads to decreased afterload, with no change in
he transvascular pulmonary efficiency of the RV, whereas
zabo and colleagues8 did not replicate these findings in the
resence of a tighter control of loading conditions. It is
herefore possible that the reduced ESPVR seen in brain-
ead donors in this study represents RV adaptation to de-
reased afterload. This would be an illustration of the An-
epp effect (homeometric autoregulation), which is also at
ork in the left ventricle of brain-dead animals exhibiting
ecreased systemic vascular resistance,9 and in newborn
ambs whose RV is subjected to an acute increase in after-
oad.15 Even if ejection fraction and stroke volume index are
omparable in our 3 groups, the impact of brain death on
V function is most apparent when EDVI is observed.
rain-dead donors with an average age of 39.2 years have
nd-diastolic volumes higher than in domino donors with
hronic pulmonary hypertension and significantly higher
han in older patients in the CABG group. More research is
eeded to determine beyond what level the RV dilatation
fter brain death is maladaptive and favors organ failure.
Diastole. The difference in isovolumic relaxation be-
ween the 3 groups, described by dp/dtmin, is difficult to
nterpret given their markedly different loading conditions.
ur findings are comparable to other published results cor-
elating dp/dtmin and contractile indices in lambs16 and in
umans with ischemic heart disease.17 Although diastolic
ompliance, as measured by EDPVR, was not significantly
ifferent between the 2 groups, dp/dtmin was higher and Tau
as shorter in donor hearts compared with controls. This
attern of diastolic response is in keeping with the known
oad and heart-rate dependence of the relaxation indices,16
nd is likely therefore to represent secondary adaptive phe-
omena. Primary abnormalities of diastolic performance do
ot seem to provide an explanation for the abnormal donor v
The Journal of Thoracichysiology described in our patients. It must be emphasized
hat the open chest–open pericardium nature of our inves-
igations mitigates against demonstrating more subtle dis-
urbances, or ventricular-ventricular interactions that could
e manifest with the chest closed.
ontractile Reserve in Brain-Dead Donors
notropic stimulation increased cardiac output as a product
f higher heart rate and increased stroke volume (Figure 3).
he pattern of response to dopamine was highly abnormal,
owever. There was no change in ESPVR, and the increased
troke volume was achieved not by a reduction in end-
ystolic volume, but by a paradoxic increase in RV end-
iastolic volume. This is a manifestation of pump failure,
ith the RV dilating in response to the increased preload,
resumably from increased left heart output. Again, the
pen chest preparation precludes further analysis, but our
ata support the tenuous nature of cardiac function in trans-
lanted hearts from brain-dead donors. It is easy to see how
odest changes in RV preload as a result of volume trans-
usion, or even as paradoxic result of inotropic stimulation,
ould lead to RV failure and subsequent allograft dysfunc-
ion. Indeed, we previously showed that isolated right heart
ilatation may have adverse effects on left ventricular con-
ractile efficiency, which is amplified when the pericardium
s closed.18 The relationship between inotropic usage and
onor organ outcomes was analyzed elsewhere, using both
hermodilution19 and the conductance catheter.20 Until more
esearch is available in donor–recipient risk matching, cli-
icians should be cautious in using cadaveric donor hearts
ith high doses of inotropes.
sable Versus Unused Hearts from
rain-Dead Donors
Usability” was defined in terms of the extended criteria
urrently operating at Papworth.19 The unused hearts
ere no different, in terms of objective measurements of
V contractility, compared with the hearts that were
ransplanted. The number of unusable hearts was small,
o it is impossible to comment on the potential of the
onductance catheter to expand the donor pool. Our data
uggest that further cross-sectional studies should be
erformed to assess the utility of this technique in select-
ng viable hearts. It is conceivable that, similar to high-
nergy phosphates when used as a descriptor of func-
ion,21 abnormal donor hearts already fail the “usability”
est of a new technology on conventional criteria or
imply reflect the fluid or inotropic load. For example, 1
f the unused donors was receiving dopamine, noradren-
line, and adrenaline (in doses of 8, 0.07, and 0.01 g ·
g · min, respectively) and exhibited a markedly outlying
SPVR at 1.99 mm Hg/mL, also accounting for the high
ariability of this parameter.
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1
TXonor Organ Dysfunction
his complication is notoriously multifactorial, and, al-
hough it was not an objective of the study, we have been
nable to identify a predictive contractile index. Vari-
bles associated with donor organ failure can be reason-
bly classified as related to the donor, operation, and
ecipient. An example in each category would be brain
eath, long ischemic time, and pulmonary hypertension,
espectively, each of these being implicated in posttrans-
lant function. Despite the cumbersome technology in-
olved, another group used the conductance catheter in
he left ventricle of 14 human donors and showed that
entriculoarterial coupling in the systemic circulation is a
redictor of posttransplant performance,22 in keeping
ith subsequent experimental work by Szabo and col-
eagues.8,9 It is remarkable that in this study hearts with
osttransplant dysfunction were significantly more di-
ated at the baseline, a possible early marker of failure
Table 2). The fact that the EDVI in hearts turned down
n functional grounds (by conventional criteria) was not
articularly elevated makes EDVI a questionable marker
f organ quality (Table 2). It seems that other factors,
ome still unknown, related to ischemic time, reperfu-
ion, and recipient came into play. Of these we only
ompared ischemic time and transpulmonary gradient
etween the 2 groups, with no significant difference
Table 2). It is difficult to separate the true effect of
ransplantation because cardiopulmonary bypass per se
ransiently impairs systolic and diastolic pressure-volume
ndices.10 In regard to posttransplant adaptation, in a
eparate limited analysis we previously showed that dp/
tmax is able to increase in the recipient despite implan-
ation in a circulation with a much higher pulmonary
ascular resistance.21 Less invasive, load-independent
tudies of contractility, now possible with tissue Doppler
echnology,23 may permit these issues to be studied fur-
her in larger patient groups.
imitations
his was a pragmatic exploratory study of consecutive
onor hearts in humans, which necessarily lacks the controls
f an experimental preparation. Thus, the effects, type, and
ime interval from brain death were all variable. Although
his work provides unique insights into RV contractile re-
ponses, it also has some deficiencies. Because of logistic
onstraints we could not obtain data on the left ventricle and
eptum. Measurements with the pericardium closed and
entriculoarterial coupling data are also lacking. Nonethe-
ess, our data clearly demonstrate abnormal RV physiology
nd inotropic responses in donor hearts compared with
ontrols. The use of data from patients with ischemic heart
isease who undergo CABG, although not ideal, was also
ased on pragmatism. It is clearly unethical to obtain com-
22 The Journal of Thoracic and Cardiovascular Surgery ● Julyarative open-chest conductance, catheter-derived data con-
erning RV function in entirely healthy subjects. It should
e emphasized that although the control patients were he-
odynamically stable with no overt ischemia at the time of
tudy, we cannot exclude some intrinsic abnormalities of
unction in this group. However, any dysfunction would
ikely obviate differences by comparison with donor hearts,
nd therefore do not undermine our conclusions. Finally, the
umber of patients studied represent one of the largest
ubjected to such detailed hemodynamic assessment, but
annot be expected to provide information regarding the
tility of these measurements in patient selection. Larger
ross-sectional studies using conductance catheter-derived
riteria would be required to answer such questions. A
igger study, specifically focused on posttransplant dys-
unction, would be able to account better for the multiple
ompeting factors leading to this complication. In addition,
or many of the comparisons there was sufficient power to
dentify only major differences; more moderate effects may
ecome evident in larger studies.
onclusion
his study describes the physiologic changes occurring in
onor hearts with and without brain death. Marked abnor-
alities of RV performance exist in both brain-dead and
omino donors, which have implications for global func-
ional performance and treatment after transplantation. In
articular, the abnormal responses to increased preload that
ccur during inotropic stimulation may have important im-
lications for fluid and pressor management in patients
eceiving transplants from brain-dead donors.
Susan Charman provided advice on the statistical analysis in
he early stages of this study. We thank the surgeons at Papworth
nd the regional transplant coordinators for making this study
ossible.
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